Further morphologic studies of the human lung acinus were undertaken by means of microdissection of latex corrosion models. Two human lungs, one from an elderly man and another from a 26-year-old woman were used for the preparations. Four acini, two from each lung, were dissected in detail. A distinct difference was noted between the acini from the elderly man and those from the 26-year-old woman's lung. The terminal bronchiole always divides dichotomously, whereas the respiratory bronchioles divide by dicbotomouq trichotomous and even quadrivial division. Unusual types of branchings are described. Approximately 40 -percent of the alveoli of the acinus are located on respiratory bronchioles, including alveolar ducts, whereas 60 percent are on the alveolar sacs. A s i m h ratio exists between the volumes of the respiratory branches and the alveolar sacs. From the data obtained the acinar volumes, alveolar surface area and number of alveoli present in the lung were calculated.
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his work is the second part of a study of the aciTnus of the normal human lung. The findings were again obtained by microdissection of latex corrosion models.
Latex models are durable, withstand repeated manipulations without changing their shape or form. Measurements can, therefore, be taken repeatedly as their dimensions remain stable. However, such models lack histologic characteristics, making it difficult to classify certain structures. Special reference is made to the inability to differentiate alveolar ducts from respiratory bronchioles of the higher orders. In a latex model an alveolar duct is recognized only by its position when it immediately precedes an alveolar sac. Therefore, alveolar ducts, which undergo further divisions before terminating in alveolar sacs, can not be identified as such in corrosion models, a view also expressed by von Hayek. ' Thus, in order to avoid confusion, we have omitted the use of the term alveolar duct. Instead all branches have been labeled as respiratory bronchioles with their appropriate numerical sequence. It must be kept in mind throughout this discussion that only the first few branches are technically respiratory bronchioles.
In this presentation special attention has been ' Clinical Instructor of Medicine, University of British Columbia, Vancouver.
paid to the measurements of the various respiratory components of an acinus, to enumeration of the alveoli on all the structures, as well as a description of unusual forms of respiratory bronchioles and alveolar sacs. Furthermore, by using the data obtained the total volume and total alveolar surface area of an acinus has been calculated.
Corrosion models were prepared by a method previously described.2 Vultex Moiilage, a latex preparation, was injected into the tracheobronchial tree under a pressure of 50 mm Hg. carefully sealing nll leaks during the procedure. The injected lung was then digested by immersion into concentrated HCl, leaving behind the latex model.
Satisfactorily injected acini were dissected under a stereoscopic Leitz microscope. The diameter and length of terminal and respiratory bronchioles, alveolar sacs and alveoli were measured by means of a calibrated scale in the eyepiece of the microscope.
To determine the length of a respiratory bronchiole the distance between the carina of its origin and the carina of its own division was measured. It is granted, that on occasions these demarcations are so extensively covered with alveoli as to make exact measurement difficult.
The alveoli located on the surface facing the viewer were counted on each bronchiole and alveolar sac. Since it was impractical to turn the specimen over to count the reverse side, the total number of alveoli was estimated by multiplying by two the count of just one side.
Two normal lungs were injected for this study. One lung was that of a man over 70 years old, who died of an ailment not involving the respiratory system. A 26-year-old woman who succumbed to a cerebrovascular accident supplied the second lung.
Four acini were dissected, two from each lung. Additional dissections were made of numerous other acini to study individual acinar components.
The method of labeling the various components of the acinus has been changed from that used originally (Fig 1) . Each respiratory bronchiole is denoted by the letter "R". followed by an arabic numeral indicating the number of divisions it has undergone. All branches arising from the left R.1 are further identified by a small "a", whereas those arising from the right R.1 by the letter "b". The subdivision of individual respiratory bronchioles is indicated by adding a second letter, viz: Rlb divides into a, b and c branches (R,ba, b b b , R,bc). Alveolar sacs arising from a respiratory bronchiole are enumerated consecutively with arabic numerals.
As the dissections and measurements progressed the acini were dismembered and successive portions mounted on slides. Suitable parts of acini were then photographed and drawn. OBSERVATIONS A distinct difference was noted between acini from the elderly male lung and those from the 26-year-old woman's lung, even though both were subjected to the same injection procedure. The acini of the former failed to inject as uniformly, resulting in smaller and less distinct alveoli. Frequently alveoli of a respiratory bronchiole represented only indistinct elevations. In contrast, the acini from the younger lung exhibited prominent alveolar sacs and alveoli.
The Acinus A lung acinus, as defined by LoeschkeS consists of a terminal bronchiole with all its branches. In shape the acinus can be likened to that of a deciduous tree, in which the trunk is represented by the terminal bronchiole (Fig 1) . After dissection as in Figure 1 , an acinus measures approximately 8.5 mm in width and 7.5 mm in height.
As shown in Figure 1 the terminal bronchiole always divides dichotomously into respiratory bronchioles of the first order (Ria and Rib). Each of these gives rise to R2 branches (Fig 1 and 2) by dichotomous, trichotomous or even quadrivial division. Usually this variable pattern of division continues as far as R5 or R, , ; however, in our dissections four Rg and even one Re were encountered (Fig 3) . The last respiratory bronchiole terminates into one to five or more alveolar sacs (inset, Fig 3) . It should be remembered, however, that the more peripheral branches are presumably alveolar ducts, which cannot be identified in a corrosion model.
Acini differ in the total number of respiratory bronchioles, alveolar sacs and alveoli ( Tables 1 and  2 ). In addition acini also differ in shape, a variant which appears to be dictated by the location or its environment. branches spread out along the plane of the pleura or septum (Fig 3) . Other acini, located in an angle between two bronchioles or blood vessels are forced to assume a triangular form. The adaptation to its environment may even demand differences in size and shape of the two halves of an acinus, each half being the offspring of a R.1.
To fulfill these variations a multiplicity of patterns of divisions, beyond the dichotomous division of the terminal bronchiole are necessary. The variety of patterns becomes more profuse in a peripheral direction.
Branches of neighboring acini may interdigitate freely, much like the branches of closely placed trees.
Terminal Bronchiole
Von Hayekl defines the terminal bronchiole as the last portion of the bronchial tree which still has a continuous lining of cuboidal epithelial cells. It is devoid of cartilage and, supposedly, of alveoli. However, numerous dissections of latex models have shown that some terminal bronchioles have a few rudimentary and, on occasions, well-formed alveoli, a finding also confirmed by Hieronymi.' Six out of 15 terminal bronchioles in our series had alveoli. If present, they are usually located on the distal o n e third. In some acini the point of bifurcation of the terminal bronchiole is well covered with alveoli. In our studies it was found that this bronchiole always divides dichotomously into R.1 (Fig 1) . There are instances where one or both R.1 may divide almost immediately, giving the impression that the terminal bronchiole divided into three or more branches. However, close inspection will prove that this is not the case.
The length of a terminal bronchiole may vary considerably, ranging from 0.200 mm to 1.250 mm in 15 terminal bronchioles dissected. The average length was calculated to be 0.705 mm. The width is less variable, ranging from 0.325 mm to 0.875 mm with an average of 0.488 mm.
The angle of division is about 90°, so that the two R.1 together with the terminal bronchiole give the shape of a 7'". However, it must be remembered, in order to examine the terminal bronchiole with its two R.1 the acinus has to be cleaved and held open. It is following this procedure that the terminal bronchiole and R.l assume the form of a "'I". A variation where the angle between the two R.1 is an acute angle is occasionally seen.
Respiratory Bronchwles
This term applies to a bronchiole distal to the terminal bronchiole, except where it immediately precedes an alveolar sac, when it is called an alveolar duct.
In corrosion models the outstanding feature of respiratory bronchioles is the presence of alveoli in their walls (Fig 1 and 2) . The manner of division of respiratory bronchioles is rather variable, as described above. After each branching the newly formed respiratory bronchiole is given a numerical order one higher than its parent. Occasionally we have encountered respiratory bronchioles which gave off alveolar sacs directly without the usual intervening alveolar duct ( Fig 5--R ;aa, alv. sac 1). In order to be consistent we have considered even such branching as a division of a respiratory bronchiole, thus giving it a higher numeral after the branching. Using this method of labeling we have encountered in the dissection of the third and fourth acini (both from the younger lung) four R., and one R., (Table 1) .
Respiratory bronchioles are rather short, the average length for all the orders ranged from 0.118 mm to 0.875 mm. Inspection of Table 1 reveals that the respiratory bronchioles, with few exceptions, become shorter as their numerical order increases. There is also a tendency for the width to decrease but this is less striking. The average width for all orders of respiratory bronchioles ranged from 0.131 mm to 0.875 mm. As a general statement it may be said that a respiratory bronchiole is as long as it is wide. When a respiratory bronchiole divides, its branches usually proceed towards the periphery placed equidistant in a sector of a circle (Fig 1-R2ba , Rzbb, R2bc). Exceptions have been encountered where a11 the branches of successive divisions proceeded to one side only, giving the whole the appearance of a rooster's comb (Fig 4-R4bb to R7ba).
The last respiratory bronchiole (alveolar duct) as a rule gives rise to two to six alveolar sacs. Here, too, exceptions were seen, where the respiratory bronchiole terminated in a blunt stump or tapered off into a point, making it difficult to categorize such a structure (Fig 5-R7aa, 2) .
Also seen are respiratory bronchioles which are bent at a right angle without giving off any branches at the point of angulation (Fig 6-R8ba) .
While counting alveoli on respiratory bronchioles the impression was gained that the number of alveoli per respiratory bronchiole decreased peripherally. Also, it appeared that the alveoli increase in size in a peripheral direction. The combination of diminishing length of respiratory bronchioles and increase in the size of alveoli in a peripheral direction probably account for the decrease in the number of alveoli on respiratory bronchioles as one proceeds from the center to the periphery of the acinus.
The number of respiratory bronchioles for a par- ticular order increased with each division up to the fourth order (except in acinus 2 where it was the third order- Table I ), but after this their number decreased again. Recurrent respiratory bronchioles described by von Hayek were also encountered in our dissections. This type of respiratory bronchiole branches off its Note the difFerence in extent of branching of these two respiratory bronchioles. R4ba proceeding toward a septal or pleural surface demonstrates the adaptation to limited space by spreading out in a horizontal fashion.
parent bronchiole in such a manner as to come to lie parallel to the terminal bronchiole. The number of respiratory bronchioles in the four acini dissected varied from 28 to 85 (Table 1) .
Alveoli were counted on all respiratory bronchioles and alveolar sacs in three of the four acini. In one acinus the alveoli were diflEcult to count for technical reasons, resulting in unreliable data and were thus discarded.
Calculations for the three acini revealed that of all alveoli counted 36.5 percent in the first acinus, 36.3 percent in the third and 41.6 percent in the fourth acinus were located on the respiratory bronchioles ( Table 2 ). In those instances where the terminal bronchiole had alveoli they were included in the count.
Alveoli on respiratory bronchioles may vary considerably in size, giving the impression that the diameter of the bronchiole varies from point to point (Fig 7) . Furthermore, in some cases a cluster of large alveoli may, at first glance, appear to be an alveolar sac, but closer scrutiny reveals that they are individual alveoli.
Alveolar Sacs and Alveoli
The number of alveolar sacs in the four acini dissected were 40 in the first, 36 in the second, 72 in the third and 118 in the fourth acinus. The average length of these sacs for the consecutively enumerated acini were 0.517 mm, 0.465 mm, 0.789 mm and 0.488 mm whereas the average width was 0.520 rnm, 0.2.53 mm, 0.640 mm and 0.429 mm.
There was also considerable variation in the number of alveoli on a sac, ranging from 20 to 29 alveoli for the three acini in which they were counted ( Table 1) .
The sum of all the alveoli located on the alveolar sacs for each of the three acini constituted 63. 5 percent, 63.7 percent and 58.4 percent of the total number of alveoli belonging to the respective acinus.
There were 1,535 alveoli in the acinus taken from the lung of the elderly man, whereas in the two acini from the lung of the Byear-old woman they numbered 3,229 and 4,041.
The shape of alveolar sacs was quite variable, but most were oblong with the distal half being wider than the proximal. In many instances the distal end was square, as if it had been pressed against a surface (Fig 2 and 6) .
In some cases where several alveolar sacs originated from one respiratory bronchiole, the zone where the branching occurred was so profusely covered with alveoli that the exact origin of the alveolar sacs was difficult to delineate (Fig 8) . A sufficient number of such cases have, however, been dissected to establish the fact that there is no atrium as described by Miller.
On rare occasions one alveolar sac may bud off another (Fig 6-urrot.u) .
The shape of alveoli may also vary considerably (Fig 5 and 7) . Although the blind extremity of alveoli can be described as being dome-shaped, the base of the dome as well as the shaft connecting the dome to the respiratory bronchiole or alveolar sac may not be cylindrical but hexagonal, quadrilateral or of irregular shape. The shaft may be wider near the dome than at the proximal end. Many alveoli have the shape of an incomplete sphere, the incomplete portion representing the connection to the parent structure. The length and width of 100 alveoli were measured. The length ranged from 0.125 mm to 0.375 mm, with an average of 0.212 mm. The width ranged from 0.125 mm to 0.325 mm, with an average of 0.205 mm. DISCUSSION The rather marked difference in the size and number of alveoli in the acini of the two lungs was of some interest. The alveoli in the acini from the lung of the elderly man were considerably smaller and fewer in number, a fact for which there is no apparent reason.
Differences were also noted between acini from the same lung, although in that event the differences were less marked.
When it was found that in the three acini, the ratio between the total number of alveoli of the respiratory bronchioles and the total number of alveoli from the alveolar sacs was fairly constant the likelihood of a similar ratio constancy existing between the sums of the volumes of the same structures was explored.
In computing the volumes the respiratory bronchioles and alveolar sacs were treated like cylinders. The calculations were made by using the following formula:
where "wn is the diameter and "l'' the length of the cylinder. It was found that the ratio of the sum of the volumes of the respiratory bronchioles to the sum of the volumes of the alveolar sacs was not only remarkably constant for the four acini dissected, but also very similar to the ratio pertaining to the number of alveoli on these structures (Tables 2 and 3 ).
These ratios imply that the respiratory bronchioles play an important part in the function of the acinus. Since the alveolar sacs, in all probability, have a greater distensibility than the respiratory bronchioles the ratio of the volumes is subject to change depending on the depth of the inspiration.
It may also be postulated, in view of these ratios, that the alveolar sacs provide the functional reserve of the acinus.
Calculating the total volumes for the four acini from our data the following figures were obtained: 8.672 mm3, 1,330 mm8, 30.891 mm8 and 14.161 mmS, where the first two figures were for the acini from the elderly male lung (Table 3) .
Von Hayek estimated that each lung had approximately 214 terminal bronchioles. Using this figure and a tidal volume of 500 ml, a respiratory rate of 12 per minute and a dead space of 150 rnl we calculated the volume of air passing through one terminal bronchiole with each breath as follows: 500cm3 150cm8 Thus each normal acinus is distended approximately to a volume of 10.7 mms at the end of a normal inspiration at rest. Considering the marked variability which exists between acini, this average figure compares favorably with the volumes obtained for our acini. This means that our acini were distended a p nroximately to the size obtained at the end of an inspiration of a tidal volume of 500 cm3. All the data obtained from the four acini must, therefore, be evaluated on this basis. It is obvious that in a lung distended to its total capacity or one only distended to the extent of its residual volume the acinar volumes would differ correspondingly. Having measured the width and length of 100 alveoli the average of these figures were used to calculate the alveolar surface. Because the shape of alveoli is rather variable we computed the average alveolar surface by approximating the alveolar shape to a cylinder, open at one end. It was assumed that the errors made by this approximation would be negligible in the calculation of the total alveolar surface for one acinus. Consequently, the following formula was used to calculate the surface area of one alveolus:
where "w" is the average IT S = -w 2 + m 1 width or diameter of the 4 alveolus and '1" its average length. Using our data we have:
The average alveolar surface is, therefore, equal to 0.170 mm? The total alveolar surface for the three acini in which the alveoli were counted is as follows: Acinus 1 = 1535 X 0.17 = 261 mm2 = 2.61 cm2. Acinus 3 = 3229 X 0.17 = 559 mrn2 = 5.59 cm2. Acinus 4 = 4041 X 0.17 = 687 mm2 = 6.87 cm2. If von Hayek's figure of 214 is used as representing the number of acini present in one lung then, according to the above figures for the three acini, the total alveolar surface per lung would range from 4.28 m2 to 11.26 m2. For both lungs it would be 8.56 m2 to 22.52 m2.
Our figure for the average alveolar surface is slightly lower than that quoted by Weibe1,"ho estimated the surface of one alveolus, in the fresh state, to vary from 0.155 to 0.311 mm2. Furthermore, by assuming that there are 300 million alveoli he calculated the total alveolar surface, in the fresh state, to range from 43 to 80 m2, the range depending mainly on the size of the lungs.
Although von Hayek also assumed there are 300 million alveoli he estimated the total alveolar surface to be 30 m2 in expiration and a maximum of 100 m2 in deepest inspiration.
Kulenkampffe and Hieronymi4 quote a surface area of 25 to 30 mZ, whereas Schmidt7 calculated it to be 30 m2 for the fixed lung and 32 to 76 m2 in vivo depending on depth of inspiration.
Information available about the total alveolar surface would be enhanced if the dimensions of that part of the surface which is in close contact with the capillaries were known, for it is here where the exchange of gases occurs. It is quite possible that in the normal lung a fairly constant ratio exists between the dimensions of the alveolar surface and the interface between capillary and alveolus. Furthermore, it may be postulated that this ratio changes in a specific manner in pathologic states of the lung parenchyma.
It is not possible to estimate the number of alveoli present in the lungs from our data, unless we accept von Hayek's figure that there are 214 terminal bronchioles in the lungs. Granting that this number is correct the marked variability in the size of acini and thus in the number of alveoli in the acini makes calculations only approximate. Using the total number of alveoli in the three acini in which the alveoli were counted and von Hayek's figure of 214 the total number of alveoli for both lungs, arrived at by our calculations, ranges between 25 and 66 million. Elze and Hennign estimated that there were 70 million alveoli. 
